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Abstract. We consider the minimal supergravity model (mSUGRA) with one additional R-parity violating operator at the 
GUT scale. The superparticles mass spectra at the weak scale are generally altered due to the presence of the R-parity violating 
coupling in the renormalization group equations. We show that a lepton number violating coupling at the GUT scale can lead 
to a sneutrino as the lightest supersymmetric particle (LSP) in a large region of parameter space consistent with the muon 
anomalous magnetic moment and other precision measurements. We also give characteristic collider signatures at the LHC. 
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INTRODUCTION 

The most general gauge invariant and renormalizable 
superpotential of the supersymmetric standard model 
with minimal particle content contains lepton and baryon 
number violating operators iH], 

1 



= -^kLiLjEk + Xlji.LiQjDk 



(1) 



where i,j,k= 1 , 2, 3 are the generation indices. 

The fourth term in Eq. ([TJ can be rotated away at any 
scale by an appropriate field redefinitions @]. Simultane- 
ous presence of lepton (first two terms) and baryon (third 
term)number violating operators lead to rapid proton de- 
cay yl. An additional discrete symmetry is therefore re- 
quired to keep the proton stable R-parity, Rp, and 
proton-hexality,P6, prohibits W^^,. Here, we will consider 
a third possibility, baryon-triality, B3, which violates Rp 
and P(, by prohibiting only the UDD operator in Eq. (HJ. 

The remaining two lepton number violating interac- 
tions in Eq. ([T]) will lead to the decay of the lightest su- 
persymmetric particle (LSP). Since the LSP is not stable, 
any SUSY particle (sparticle) is allowed to be the LSP 
iit]. However, the nature of the LSP is crucial for su- 
persymmetric signatures at colliders, since typically all 
heavier sparticle decay chains end up with the LSP. 

In the B3 minimal supergravity (mSUGRA) model iQl], 
we assume an additional coupling A' at the GUT scale 
(A/gut)- We thus have the six free parameters: 

Mo,Mi/2,Ao,tanj3,sgn(jLi) and A' , (2) 

where A' is one coupling out of A/^^. Due to the pres- 
ence of one such coupling, the collider phenomenol- 



ogy could be very different compared to Rp conserving 
mSUGRA scenarios with a stable neutralino LSP. The 
possible changes are the foUowiiig: different running of 
sparticle masses and couplings llj, S 01; the LSP will 
decay; single production of sparticles JBlpi ; the decay 
patterns of the sparticles are altered laM- 

It was shown in Ref. |6l] that the model possess three 
different LSP candidates: the lightest neutralino, Xi, the 
lightest scalar tau (stau), fi, and the sneutrino, v,. The 
V,- is special, because its mass needs to be reduced by 
additional B3 contributions in the renormalization group 
equations (RGEs) in order to become the LSP. We will 
mainly focus on that and show that a large region in the 
B3 mSUGRA parameter space exists, where a V; is the 
LSP consistent with experimental constraints, e.g., the 
anomalous magnetic moment of the muon, i9|j and the 
LEP bounds on lighter Higgs boson mass and sneutrino 
masses ifToll . 



SNEUTRINO LSPS IN B3 MSUGRA 

The dominant contributions to the RGE of niy. can be 
expressed as 111]: 



167r- 



A'nl) 



dt 



^g]\Mi\^ + 6gl\M2\'^ + ^g\S 



kk 



with 



+ 6(hj)k)f; 



(hnk),;- = X Ao at Mqut- 



(3) 



(4) 



The running of niy. is governed by two different terms. 
The first term in Eq. Q is proportional to the gauge cou- 
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FIGURE 1. Masses of p f i , v^j and fli at Mz as a function 
of /I231 Igut for the SPSla mSUGRA parameters. 



plings g\, g2 and gaugino mass parameters Mi, M2. S is 
identically zero at Mqut due to the universal nature of 
scalar masses in mSUGRA, see Ref. iQl]. For vanishing 
Kjk^ my, increases while running from Mgut to the elec- 
troweak scale (Mz) due to the presence of the negative 
sign in front of the gauge terms. 

The contribution from the second term is proportional 
to Xlji^ and which is also proportional to A^^, 

at Mgut. cf- Eq. (|4]i. This terms are, in contrast to the 
gauge terms, positive and will therefore reduce my, when 
we go from Mqux to Mz- The influence of these new 
contributions on niy. depend on the magnitude of A/^^. and 
also on the other mSUGRA parameters, especially on Aq 
d. 

We show in Fig.[T]the impact of a non-vanishing cou- 
pUng A/y^lGUT on the running of my. for the SPSla pa- 
rameter set 11211 . For this purpose we use an unpublished 
Bo, version of SOFT SUSY U^. We observe, that m^^ 
is decreasing for increasing A231IGUT as described by 
Eq. (|3]l. Furthermore, the mass of the left-handed smuon, 
/ii, also decreases because it belongs to the same SU(2) 
doublet like the v^. The masses of the and fi are al- 
most insensitive to /123i|gut- We therefore obtain a v^- 
LSP for A^3j > 0.12|gut- This large coupling is still con- 
sistent with experimental observations yl]. 

In general, there are large regions in the B3 mSUGRA 
parameter space where the V; becomes the LSP, if 
■^/yilouT ^ ^(0.1). As an example we choose Aq = -600 
GeV, tanj3=10, sgn(;U) = +\, A231 = 0.11|gut and vary 
Mq and Ml/2- We show in Fig.|2]the mass difference be- 
tween the LSP and the next-to-LSP (NLSP) in the Mq- 



Mi/2 plane. We observe three different LSP candidates, 
namely the v^, the X\ and the fi, in different regions 
of B3 mSUGRA parameter space. Increasing Miy2 in- 
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FIGURE 2. Mass difference, AM, between the LSP and 
NLSP. The LSP candidates in different regions are explicitly 
mentioned. The blackened out region corresponds to parameter 
points, which possess a tachyon or where the Vn or the Higgs 
boson mass violates the LEP bounds of Ref. llOh . 



creases the mass of the (left-handed) faster than the 
mass of the (mainly right-handed) fi . We thus find a fi - 
LSP instead of a v^-LSP for large Mi/2- Increasing Mq, 
increases the masses of the sfermions but not the mass of 
the (bino-lrke) X\ and we therefore reobtain the jf-LSP. 
We also see that the LSP and NLSP are almost degener- 
ate in mass around the thick black contours. 

We conclude that a v^j-LSP exists in an extended re- 
gion of B3 mSUGRA parameter space, which is also con- 
sistent with the observed anomalous magnetic moment 
of the muon, a^. The contours in Fig. |2] correspond to 
the measured central value of (red), ±lc7 (green), 
±2(7 (blue) and ±3(7 deviation (magenta) from the cen- 
tral value. The SUSY contributions to are calculated 
using micrOMEGAsl . 3 . 6 



LHC PHENOMENOLOGY 

We choose Mo=100 GeV andMi/2=450 GeV from Fig.|2] 
as a representative point for investigating the v^j-LSP 
phenomenology at the LHC. We calculate the decay 
rates with ISAWIGl . 2 00 and ISAJET7 . 64 iflsll.This 
output is fed into HERWIG lfl6ll to simulate events at the 
LHC. We show some masses and BRs, which are special 
for v^-LSP scenarios in Table. [T] 

The sparticle pair production cross-section at the LHC 
is 3.0 pb. Once produced, the sparticles might follow the 
decays in Table. [T] This will lead to very distinctive final 
states compared to mSUGRA with a stable ^j'-LSP. 

One of the most striking signatures of this scenario 
are high-pj- muons (« 10% of events) from the direct 
decays of and ri/2 via A231, see Table. [T] We show 



TABLE 1. Sparticle masses and branching ratios (BRs) 
in B3 mSUGRA models. Masses which are affected due to 
coupling and S3 decays are shown in bold-face. 
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FIGURE 3. The normalized pj distribution of the muon 
from the decays dp; lit and fj m lid (cf. Table. [T]l at the 
LHC. 



the normalized distribution in Fig. [3] The distribution 
peaks at 300 GeV and one can thus apply a very stringent 
selection cut on the muon pr to isolate the SUSY signal 
from the SM background. 

Additional distinctive signatures are {cf. Table. [T]i: not 
necessarily missing pr (« 25% of events), because the 
V^-LSP and the /ii-NLSP will decay into SM particles; 
2-5 non-b jets and 0-4 b jets, where most of the b jets 
stem from the LSP decay; high-pj- top quarks from iJr 
decay; like-sign dimuon events mainly from pair produc- 
tion of right-handed squarks and subsequent decays into 
the (Majorana) Xi and p.^. We will present the detailed 
analysis in lUlll . 



CONCLUSIONS 

We have shown that a coupling A231 |gut = ^(10^^) can 
lead to a sneutrino LSP in B3 mSUGRA models (Fig.[TJ. 
We have found large regions of parameter space where 
the sneutrino is the LSP consistent with and other 
electroweak precision observables (Fig. |2|. Distinctive 
LHC signatures are high-pj- muons (Fig. |3]l, high-pj- 
tops, like-sign dimuon events and jets. 
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